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SYNOPSIS
Ferrofluids are stable colloidal homogeneous mixtures of nano-size single-domain ferromag-
netic particles covered by surfactant layer, and suspended in a carrier fluid compatible with the
surfactant. Physical properties of ferrofluid allows one to control it externally using magnetic
field without being in direct contact with it. The thesis presents a novel mechanism to pump
ferrofluid based on the principle of variable reluctance, in an external magnetic field.
The static and dynamic pressure behavior of ferrofluid in a switched DC magnetic field gives an
insight into the variable reluctance behavior of ferrofluid. A ferrofluid pump based on the prin-
ciple of variable reluctance of ferrofluid subjected to an external magnetic field, is developed
and hence the pump is named as Variable Reluctance Ferrofluid Pump (VRFP).
Three configurations of VRFP are developed:
• Single stage one-phase VRFP
• Single stage two phase VRFP
• Multi-stage VRFP
A one-phase VRFP consisting of a check valve along with an electromagnet is designed. The
valve is modeled and its transfer function is estimated using System Identification method. This
model is then used in the simulation model of the pump. The pump is modeled based on the
hydraulic-electric analogies. An electric circuit which represents the gross level equivalent of
the pump is simulated and the results are compared with that of the experimental measurements.
A two phase VRFP is implemented with two electromagnets on either side of the valve around
the tube. Two types of magnetic actuation methods are introduced based on the switching
sequences of the two electromagnets, namely Full Step Sequencing and Half Step Sequencing.
Simulations and experiments were conducted for different pumping conditions.
The one phase and two phase VRFPs are single stage structures. A multi-stage VRFP concept,
in which the ferrofluid flow channel (tube) is looped through the electromagnets multiple times,
is introduced. For the implementation purpose, a two-stage VRFP is discussed in this thesis.
Simulations and experiments resulted in significant improvement in case of two-stage VRFP in
the pump performance compared to that of single-stage VRFPs.
The work presents a simple and novel design of a ferrofluid pump, which is capable of higher
flow rates and pumping against higher back pressure compared to the ferrofluid pumps reported
in literature.
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